A cohort study of workers exposed to formaldehyde in the British chemical industry in any one of six factories has been extended after the earlier published report in 1984.
Abstract
A cohort study of workers exposed to formaldehyde in the British chemical industry in any one of six factories has been extended after the earlier published report in 1984. A further eight years of foliow up to the end of 1989 have been included for the originally reported 7660 workers first employed before 1965, and a first follow up to the same date has been carried out for 6357 workers first employed since 1964. Extensive checking of the database has taken place including records at the factories, the MRC Environmental Epidemiology Unit, and the National Health Service Central Register. The updated findings include one death from nasal cancer compared with 1*7 expected in this number of men during the follow up period-which gives no support to the original hypothesis based on animal experimental data that formaldehyde may be a nasal carcinogen in humans. There have been no cases of nasopharyngeal cancer in the cohort compared with an estimated 1-3 expected-which gives no support to the findings in a similarly designed study in the United States of an excess of cancers of the nasopharynx associated with exposure to formaldehyde. There has been a slight excess of about 12% for lung cancer with 402 deaths compared with about 359 expected. This is similar to that found in the United States study, but higher than we reported earlier before the checking procedures and extended foliow up. Further analysis gives no definitive indication of this excess of lung cancer being clearly related to formaldehyde exposure, and the increase is within that generally thought 827 consistent with possible confounding effects of cigarette smoking (although no data are available on this point).
(British Journal ofIndustrial Medicine 1993;50:827-834)
Formaldehyde has been widely used in the manufacture of resins and plastics and in the synthesis of chemical intermediates. It has also been used, for example, as a fumigant in agriculture, in embalming fluids, in processing anatomical and pathological specimens, and in the manufacture of crease resistant garments. ' Formaldehyde is an irritant to the eyes and respiratory tract and is a contact allergen.2 3 It is also a known mutagen. 4 Concern about the carcinogenic potential of formaldehyde followed the induction of malignant tumours of the nasal mucosa in rats exposed to 14 parts per million for up to 24 months. 5 6 The present study is one of several epidemiological investigations initiated because of this concern. Despite a number of publications, including our initial findings to the end of 19817 and a large cohort study of similar workers in the United States, 8 Table 4 shows mortality from other specific cancers among men in all factories combined. Without local adjustment table 4 indicates raised values for cancers of the rectum (as reported earlier7) and stomach, but both decrease after local adjustment (rectum, SMR 113 (95% CI 82-151); stomach, SMR 124 (95% CI 101-151)) and are low in those employed after 1964. The excess of stomach cancer in the earlier subcohort is consistently found, however, in each of the six factories. There have been no deaths from cancer of the nasopharynx (expected estimated overall at 1-3), and no non-fatal cases of nasal or nasopharyngeal tumours have been reported. Table 5 gives findings for lung cancer after adjustment for local mortality by estimated category of exposure to formaldehyde. Among the earlier group of workers there is no particular suggestion of a trend in mortality with increasing exposure. The high exposure group, however, does have the highest SMR (124, 95% CI 107-144), which is largely based on the BIP factory. Although the numbers of deaths are much smaller similar results are found in those employed after 1964. Table 6 shows lung cancer mortality among men classified as exposed to high concentrations of formaldehyde at the BIP factory by their duration of employment and duration of follow up. There is no suggestion in the earlier employed group of any increase in risk with either factor-for duration of employment, in particular, the highest SMR is among men who worked for five to nine years. For those employed after 1964, the SMRs are based on few deaths. Table 7 shows mortality from lung cancer among men entering employment at BIP before 1965 by cumulative dose. The methods used are as described by Acheson and colleagues. 13 The first analysis uses the lower levels of the four subjectively estimated categories described earlier, whereas the second analysis replaces these with scores of 0, 1, 2, and 3 for the calculation of cumulative dose. The examples shown in the table are the same as in Acheson et al 13 and it can be seen that in neither case is there any suggestion of a relation between mortality from lung cancer and cumulative dose. Further analyses with, for example, different time periods similarly showed no relation. Table 8 gives findings for lung cancer among men classified as exposed to high concentrations of formaldehyde at the BIP factory by their calendar period of first employment. Mortality has been slightly higher among men who entered up to 1945 than subsequently.
Discussion
The original impetus for this study was the suggestion from animal experiments that formaldehyde may be carcinogenic to the nasal cavity and sinuses in humans. Only one of the 3201 deaths reported in this paper, however, was certified as nasal cancer, compared with a total of 1-7 expected from national death rates. The one death occurred during the extended follow up period and was a man exposed for five years to formaldehyde in the low exposure group (0-1-0-5 ppm) 37 years after his start of employment. Nasal cancer has not been mentioned as a contributory cause of death on any of the other 3201 death certificates, nor have any non-fatal cases of nasal cancer been reported from the national cancer registry. Among 26 561 industrial workers in the similar large study (4396 deaths) from the United States8 there was also no excess of nasal cancer with two observed deaths compared with 2-8 expected. In other studies of industrial and professional workers and of nonoccupational exposure there has been inconsistent evidence of a formaldehyde related risk of nasal cancer, with overall a small non-significant relative risk of 1H1 unrelated to duration or amount of exposure.9 The statistical power of the cohort studies, including this one, to detect a modest increase in nasal cancer-a rare disease with typically more than 20 years between first exposure and diagnosis-is still less than desired (this study alone, for example, has only 54% power to detect a relative risk of 4 starting from 20 years after first exposure).
Experiments in animals did not show an increase in lung cancer from exposure to formaldehyde, but in humans the bronchus is a credible target organ as inhalation is the primary route of exposure. In this study for men employed before 1965 there was an excess of lung cancer overall among formaldehyde workers of 23% when compared with death rates for men in England and Wales, but this decreased to 12% when adjusted for mortality from lung cancer in the areas of the factories. The reasons for preferring the last comparison in this study have been detailed earlier7 14 but basically relate to most of the workforce being local men judged by places of birth, employment, and death.
Nevertheless, even with the reduction, the overall excess is statistically significant and particularly relates to the factory (BIP) where more men were classified as having high exposure to formaldehyde. Within this factory and overall there are small suggestions of increasing mortality from lung cancer with increasing job categorisation of exposure to formaldehyde. Also workers employed in earlier years when exposures were probably greater tend to have higher death rates from lung cancer. Within the high exposure group, however, there is no relation of mortality to duration of employment or to time since starting exposure. Also, there is no apparent relation of lung cancer to cumulative exposure among this workforce. For men first employed in any one of the factories after 1964 the SMR from lung cancer overall (113) is similar to that of the earlier workers (112).
This excess of lung cancer overall is comparable with that (10%) found among industrial workers in the United States.8 In that study there were also no consistent indications of lung cancer being associated with intensity or duration of exposure to formaldehyde nor with cumulative exposure when looked at in various ways. In neither of these studies was information on smoking habits available8 15 and although this is a limitation there is little suggestion of smoking related excesses or deficits-for example, mortality from respiratory disease is similar to that expected. Among the other studies reviewed by Blair There was no indication of a relation of cancer of the stomach with formaldehyde exposure category, duration of employment, or time since first employment. There was no suggestion of an excess of stomach cancer among men first employed after 1964 (table 4, SMR 57), or in the study from the United States (SMR 83), nor has stomach cancer been indicated as raised in other studies.9 For rectal cancer, the other site with a statistically significant excess, the SMR of 141 reduced after adjustment for local mortality levels to 113 (95% CI 82-151) and showed no indications of a relation with formaldehyde in this or other studies.9 Other cancers that had shown excesses in some other studies-such as cancers of colon (large intestine), skin, prostate, and brain as well as Hodgkin's disease and leukaemia-are not raised in this study, whereas bladder cancer shows a non-significant increase.
For diseases of the respiratory system there is an excess of 15% overall compared to rates in England and Wales for workers first employed before 1965, which reduces to 5% when adjustments are made for local mortality. The increases are larger for the BIP factory at 42% and 17% respectively. As for the specific cancers mentioned earlier there is no indication of this excess being related to formaldehyde exposure. The increased respiratory disease among the BIP workers is of a similar magnitude to that for cancer of the lung and, with the same lack of relation to formaldehyde exposure, may indicate higher cigarette smoking or some other environmental pollutant among these employees.
The following chemicals, among others, are known to have been used at BIP during the period covered by the study. Exposure to these was dependent on department and date. Asbestos was used as a filler in moulding materials produced from the time of the second world war to about 1967. The types of asbestos used were chrysotile (calcined at 600°C) and anthophyllite. Scandinavian spruce woodflour was used as a filler from the late 1930s until 1979 There was a greater percentage of British workers assigned to the "high" exposure category (qualitatively estimated at over 2 ppm) in the study (35% among those first employed before 1965 and 21% among those first employed after 1964) compared with the study in the United States (3% overall). This can probably be ascribed to two factors. Firstly, most of the British cohort worked at BIP where the enclosed structure of the factor building in the early period being studied would have been taken into account when the subjective assessment of conditions was being made. Results of air monitoring carried out in the departments concerned before the improvements in working conditions were made during the mid-1970s would seem to support this assessment. Secondly, when jobs were being placed into qualitative categories of exposure in the British study, some disagreement occurred as to which of two adjacent grades was most appropriate-for example, high or moderate? To achieve consistency across all the factories the higher of the two was always used. It is not clear how differences were resolved in the United States study.'6 Also, as mentioned earlier, if a man in our study had more than one job he was classified to that considered to have the higher exposure.
In summary, this study with one nasal cancer death compared with 1-7 expected does not support the original evidence from animals on carcinogenicity. This could be, among other reasons, because of the lower exposures that were experienced and could be tolerated by humans or because formaldehyde is not a (nasal) carcinogen in humans. We have found no cases of nasopharyngeal cancer compared to about 1-3 expected which lends no weight to the suggestion of a relation with formaldehyde exposure in a comparable study in the United States. For lung cancer, respiratory disease, and stomach cancer there are slight excesses overall but no relation with estimated cumulative dose or time since first exposure. The results of this and other published studies do not yet justify a firm conclusion about the human carcinogenicity or otherwise of formaldehyde but would suggest that at past, and more so therefore at current, levels of exposure there can be no more than a very weak effect. We are grateful for the cooperation of the companies involved in this study and for the help of their staff. We acknowledge the roles of the National Health Service Central Register in Southport 
